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BJOEMULSIFIER PRODUCTION ^\ ACINEtOIUCmiS. STRAINS 
ISOLATED FROM HEALTHY HUMAN wSKIN 

In recent years, interest has been gro>ving in search for novel biocmulsifieri^. Many bacterial genera 
including Acinatobactcr have been reported to produce bioemulsifiers. Tbe present $tiidy aims to 
iu:reen Acimtohactcr iKolates from healthy human skin for bioemuJsifter producrdon. 

Acinetobacier junli SCI 4 (NCTM SI SO) produced maxinnim bioemulsifler in presence of almond 
oil during sstationary growdi phase at 370C and pH 7.2. Paxtialiy purified, iion-diaIy$able 
bjoemulsifier from $C14 was a proteoglycan. Protein and polysaccharide ftacdons resulted in 
952% reconsiitutioA of emulsification acttvizy. Role or esterase in release of cell-bound emulsifiet 
and contribution of capsular polysaccharide to emulsificalion activity weie observed. 

Acineiobacter strains from human skin exhibited better emulsiiication actisity chaa (hat by bum 
vi^ound or fi^il isolates owing to (he inherent dillerences in chemical microenviiDnment of their 
habiuits. 

investigation of skin commensals, especially acinetobacters, would lead to discovery of novel 
bioemulsifiers with interesting properties. Attempts of screening and strain improvwient directed 
towards skin commensals will open up new avenues for su-ains producing bioemulsifier on 
commercial scale. 

Background of tha invention 

Growth of rnicroorganisms on water insoluble carbon sources is often accompanied by 
emulsificalion of tlie water insoluble substrate in the culture mcdixmi by virtue of production of 
bioemulsifiers (Zajic and Panchsal 1976; Rosenberg 1986). Many amphipathic molecules produced 
by living celL< possess surfece-active characteristics observed in form of Jowering of interfacial 
tension at the oil- water inceri^cc which leads to formation of microemulsions (Outoick and Minas 
1987). Bioiemulsifiers are an example of such surface-active agents of microbial origin. 
Bioemulsifiers are amphipathic molecules playing a vital role in microbial growth on hydrophobic 
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substrates. These bioemubificrs lind potential applications in co.smetfc» Ibod, agricultural and 
pharmaceutical industries (Rosenbcis 1986), Moreover, health hazards of oil spiUs can also be 
minimized through bioxccnediolion employing specific microo]::ganisnii^ (Gutnick and Rosmbeig 
1977). Among a variety of bacterial genera studied, production of extracellular emulsifilers has been 
observed to be a phenomenon of common occurrence amorig the members of ^enua Acinetobacier 
(Rosenberg 19S6). Emulsan, an extracellular polyanionic bioemulsifier produced hy Acineiobacter 
calcoaceticus RACJ-1 has been studied in great detail (Foght et al. 1989; Rubinovitz et aL 1982; 
Pines and Outnick 1986; Zuckerbcrg al. 1979; Rosenberg et aL 1979a; Rosenberg ef/ al 1979b; 
Zosijm et al, I9S2). Many strains of Acinewbaaer isolated from soil, mud, marine water, fresh 
water etc. have been reponed to produce bioemulsifiers (Sar and Rosenberg 1983; Foght et al. 
1989). Moreovei\ few reference strains, viz, Ac. calcoaceiicvs BD4 and BI>413, ATCC 17294, 
ATCC 17906 were also investigated for emulsTfier production (Kaplan and Rosenberg 1982; 
Kaplan cr^?/. 1987). 

Few patents have been awarded for bioemulsifier production by various Acinetcbacter 
strains (Gutnick et ai. 1989; Rosenberg and Ron 1998; Prosper! et al. 2000). Moreover, variotis 
health care products^ such as topical application for skin, toothpaste and mouthwash^ and personal 
care products, consisting of bioemulsifiers produced by Actneeobacter strains have also beoi 
patented (Hayes T989; Hayes 1991; Eigen and Simone 1986). However, there is no tcpaxt of 
hioemuisiJier production by Aclnetobacter strains from human skin. Acinetohactcrs have been 
Isolated from skin of around 40% human population with recovery of 7 to 18 genospecies but ibe 
dominant isolates included ^c. Iwqffii, Ac, Junll, Ac johnsonii, Aa calcoaceiiem etc. (Seifert et al. 
1997; Berlau a aL 1 999; CUiu e/ ah 1999). Presence of numerous hydrophobic substances on human 
skin in the form of Skin Surfocc Lipids (SSL) (Strauss ct ah 197S; Downing et at 1999) 
necessitates; that the skin microflora be able to reb*ist the inhibitory action of SSl^ and if possible, bo 
capable of metabolizing these substrates. In view of ^s background, bioemulsifier production by 
Acinctohaaier strains isolated fiom healthy human skin was studied. Apart from tfiese naturally 
occurring moieties, considerable fraction of oils can be contributed to the skin nucroenviroiunent in 
ionxi of cosmetics. One can find <iubstantial documentation of use of oils, viz, almond oil, castor oil, 
olive oil, palm oil etc., in the manufacture of cosmetics, especially the skin-care products 
(Hoshizaki and Suzuki 1978; Tit Vries 1987; Hone 1988; Szepessy et al 1990), These facts 
prompted us to screen skin Acinetohacter strains for bioemulsifier production. The present paper 
describes bioemulsifier production by Acinaiabacrer sUains from healthy human skin, partial 
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purification and charactcriziition of (he biuesmulsiHcr. and study of cflea of physico-^ckemical 
' &cioTS on iCs production and activity. 

Objects of the Invention 

The main object odf the present invention is to provide a biocmulsifier production by acimiobacier 
strains isolated from healthy human skin. 

Another object of the present invention to provide a bioeraulsifier having peak esterase activity cell 
associated of order of 613 % and 38.6 % activity was secreted into the fermentation medium. 

Yet another object of the present invention to provide the bioeouilsifier herein incrttse in 
bioemulsJfier concentration ftoxn O.S ml to 3 ml against a fixed volume of 6 ml almond oil resulted 
in a reduction of viscosity of almond oil hy 40.3 %, 

Further object of the presenr invention is to provide a bioemulsitier wherein the abfiond oil and 
water emulsion maintains its stability upto 90% upto 6 days at 37"C. 

In yet another object of the present invention is to provide a bioemulsilScr wherein the bioamuliufier 
relains 35% stability after 140 hours at I O^C. 

Still another object of the present inventio is to provide a bioemulsificr which is useful for 
preparing stable co^smctics (skin care product) and stable pharmaceutical ointment preparations. 

Another object of the present invention is to provide a process for preparation of a bioemulsifier by 
acimiobacter strains isolated irom healthy human skin. 
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SUMMARY OF INVENTION 

A hioemulsifier is produced by Aclwtobacier junii SC14 (NCIM 5150), The stcain was isolated 
rrum healtiiy humaa skin wiih Baumann's enrichment method. The .strain was identified as 
Aclhetahacter by gcnelic and physiological studic:^; ihe colonies showing nomnotile, oxidase- 
negativc coccobacilli. Genomic DNA of this strain inmi>fonncd AcinetohacHer calcoaceticus BD413 
trpE27 to prototrophy. Almond oil was cmulsiiied to the maximnm extent, 

DETAILED DESCRIPTION OF THE INVENTION 

Source aod biotypine of bacterial strains used 

llie isolate was obtained after enrichment of respective samples in BaiiRiann*s covichmient medium 
(Baumann 1968). Identification of the isolate up to genus level was earned out as per the 
chromosomal DNA transfomiation assay (JunI 1972). Delineation of the Isolate into various 
gcnospccics was performed as per the biochemical scheme recommended by Bouvei and' Gtimont 
(1986,1987). The control strains used included Actnetohacter calcoaceticus ATCC 33305. Ac. 
calcoaceticus EBF 65/65 C426, Ac. calcoaceticus EBF 65/65 C4169, Ac. calcoaceticus BD4, Ac. 
calcoaceticus BD413> Ac calcoaceticus MTCC 127, Ac. calcoaceticus MTCC 1271, Ac 
calcoweiicus MTCC 1425, Ac. Iwoffii MTCC 496, Escherichia coli MTCC 68, Z coli K12 
HUlOl, E. coli K12 DH5a, E. coli K12 JM.103, Pseudomonas fluorescew MTCC 740, Ps. putida 
MTCC 1313, md Staphylococcus aureus MTCC 740. 

Oils used as Substrates 

Almond oil from Ilamdard (WaKIO LaboratoricSf Uhaziabad, UP, India; castor oil from Shree 
Krishna Pharmacy, Mumbai, India; olive oil from Csjnpbell Agro Mfg Industries Pvt. Ltd, Mtunbai, 
Indi£i and palm oil from Chakan Oil Mills, Chakan, India were used as sabstmtes during 
fermentation. All oils were of analytical grade. 
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Bioemuisifier production 

The mineral sail nn^sdium (BNP) used (Foght et aL 1989) coiislsted of (M solution) O.S g K2HP04, 
J g NH4a, 2 g Na2S04, 2 g KN03, 0.2 g MgS04,7H20, and 0.002 g FeSCM JH20. The medium 
v/as supplemented with J g 1-1 peptone. The pU of the mediiim was adjusted to 7.2. Bioemulsiiier 
production ^vas carried out in SO ml of above medium in a 250 ml Erlenmeyer fiask at 370C with 
shaking at 150 rev min*-I, Soil isolates were grown ac 30OC. Bacterial growth was initiated by 
introduction of 1% (v/v) inoculum growing exponentially in the same medium. Desired quantity of 
respective test oil (v/v) was added to the cooled fermentation medium afl£:r autociaving. Samples 
withdrawn at 5 h interval were first used to record the culture density at 660 nm and then used for 
the cmulsification iissay. 
Emulsification assay 

Three ml cell-free culture broth or a suitably diluted emulsifier preparation was mixed with 0.5 ml 
test oil, vortexed vigorously for 2 min and incubated at 370C for 1 h. AKsorbance of the aqueous 
phu$e was then recorded at 400 nm. The absorbance maxima was arrived at after scamung the entire 
visible light speeu-um (lJV-1601 Shimadzu Corporation. Japan), The blank was prepared sunilarly 
with sterile production medium replacing (he ccll*fi:cc culture faroxfa or the emulsifier aliquot. An 
absorbance of 0.01 0 units at 400 nm multiplied by dilution fiictor, if any, was considered as one unit 
of emulsification activity per ml (£U ml-I). 
Stability of emulsion 

After I h incubation of the vortoccd mixture of test oil and ^ulsifier at 370C, the absorbance of 
aqueous layer at 400 mn was recorded. One set was incubated at 370C and the other at 1 0OC. 
Absorbance of aqueous layer was noted every 20 h (Zosim et aL 1982). 
Effect of physico-chcmieal factors on bioemubifxer production and activity 

EfTecl of cemperalure (20, 30, 40. and SO OC) on bioemulsifier production was studied by growing 
the test strain at the respective temperature in a shaking water bath at 150 rev min-1 and then 
checking the culture supernatant for oil emulsification as per the method described above. Effect of 
temperature oji bioemulsifier activity was st\idied by incubating the vortexed cell supernatant and 
oil mixture at the respective temperatures for 1 h and then recoTding the absorbance of the aqueous 
layer a( 400 nm. Liffect of pH (4, S, 6, 7, S and 9) on bioemulsifier production and activity was 
studied similarly. The optimum temperature of 3 70C was used in all experiments hereafter unless 
stated otherwise. The fermentation medium was supplemented with required quantities of one of the 
three test salts (NaCl, CaC12, MgCI2) to study the effect of salts on bioemulsifier production. Effect 
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of salts on biocmulsifter accivity vms tested by iocubating the bioemulsifier santple in presence of 
required quandiy of test salt at 370C for 1 ii and thci) using it id the standard emuIsificaUon assay. 
Effect of inducer oil on bioemubifler prodnetion 

Growth of Ac junii SCI4 was allowed in DNP medium supplemented with 1% of tcsd: oils 
separately. The resulting cell-free supemaiaats were assayed for exaulsification of each test oil 
according to the emulsification assay described above. 
Partial purification of bioemulsifier 

Culture of Acinetobacter junni SCI 4 Irom healiby huxniui skin has been deposited at National 
collection of Industrial Microorganisms (NICM). 'ibe NCIM nofor this culture is SlSOAc. jynii 
SCI 4 (henceforth referred to as SCI 4) producing maximum levels of bioetnulsiCer was selected Ibr 
fiather study.. The celi free culture broth obtained by centrifugation at 8000 rev min-1 for 20 min 
Wis mixed witib thiee volumes of chilled acetone and incubated at 40C for 15 h. The brown 
preeiplcate was collected by centrifugation at 10,000 rev min-1 for 30 min and dissolved in 
minimum volume of sterile distilled water (pH 7). llus solution was then dialyzcd (Seamless 
cellulose tubings width 40 mm, diameter 25 mm^ retainiqg most proicins of molecular weii^t 
12,000 or greater, Sigma Aldrich Chemie, Gmbh, Steinbeira, Germany) extensively against sterile 
distilled water at tOOC for 48 h. The distiHcd water in dialysis container was replaced evciy 10 h. 
The diaJysatc was then fiozcn at -20OC and lyophilised. This bioemulsifier ptepatB&on was stored 
in ainlght glass vials at room temperature (30OC). 
Chemical analysis of bioemubificr 

A portion pf the partially purified bioemulsifier was used for chemical analysis. Protein content was 
assayed using the method described by Lowry ^/ (1 951) with.bovine serum albumin as standard. 
Carbohydrates were quaniiratcd according U) ihc protocol proposed by Dubois ef al (1956). 
Reducing sugar content was estimated usiqg the diniiro salicylic acid method (Momeal and Reese 
1969) with glucose as a standard. Extraction and qtJantitation of lipids was perfonned as per the 
method described by Reddy etal(\ 983), 
Detenniuation of viscosity 

Diffcront aliquots (0,25 to 3,0 ml) of solution of the paniaUy purified bioemulsifier (5 mg ml-l) 
were used to emulsily fixed volume of almond oil (6 ml). The viscosity of these emulsified oil 
siimpJes (6 mj) was recorded using a standard viscometer at 250C. Readings were taken in 
dupKcale and the average was reporred, TJnemulsified almond oil was used lis the control. 
Determination of esterase activity 
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Quantiflcaiiofl of the esterase activity was perfonned according «o the colorimetric ^^y protocol j . | 

described by Shabtai and Gutnick (1985) with ;»-nh«,phcnyl acelale as the substrate. CeU pellet as 
wcU as the c«lWrcc superruiiant was assayed for esterase activity after every 10 b during the 60 h 
long fermentation. 

Reconstituf ion of emulsiflcation activity 

On tfic bMis of chemiMl composition of the lariidly p»rifi«i eniulsifier, the oon>|Ka»lt3 were 
isolated. Th. protein ^ polysaechaiide fiaetions fiom tte bioem*ifier (50 ng) and the celkfiee j 
a>p«„alant (300 ml) were isotacd. Protein ftsction of the punfied bloenndsifler «ns prep^ed by 1 1 f- 

ho, phenol treatment E«mcelMar prou:in v» obtained by «i<«4 -nmonium sulfet. precW««« rf ^ 
the oca-to culture brofl.. The polysaccharide fc«=.ion Crom purifi«l bio<»n«lsUier wa, iwtatrf by ( ^ • 

«^ «<«c,ion of pheno. phase ^Uo .be C.PSU.W poiysacel^md. ».s obtain^ .-^ 

.urraee hydropt^b* ■> volv.« °*'=''**7rr^ inst-d of 3->«= 

A* sort isoUte. -4c- i rr«*crred to as GSii-t** ^^r-r 1223 ^ 
"""C^!^ 6° Creferro* to as BC«> \ 
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Ac, jvnii SCI 4 i^solated from healthy human skin exhibited maximum biocmulsifier production 
Folluwed by Ac bavmannii (Fig. 1). Ac. haemolyticus emulsified olive oil to the minimum extent 
while palm oil was minimally emulsified by Ac, junlL In general, almond oil was emulsified to the 
muximum extent while palm oil was least emulsified. SCI 4 emulsified almond oil to the maximum 
extent The kinetics of bioemulsifier production and growth pattern of SC14 is shown in Fig. 2. 
Tcrmentation for 30 h under given sot ofcondilionK led to production of 1 1 6.6 EU mM in presence 
of 1% almond oil. 

Stability of emubion 

Th^ almond oil-in-water emulsion was observed to be highly stable. Emulsion maintained 90% of 
it's stability up to 6 days at 370C after which phase separation was observed. However, 30% loss of 
stability was noted within 20 h at lOOC. Emulsion retained only 35% stability after 140 h at lOOC* 
EfFect of physico*<bcmioal factors 

In cuse of SCI 4, fermentation at 370C and pH 7.2 in presence of 0.5% NaCl was observed to yield 
the highest levels of bioemulsifier (Fig. 3A). Ti was found that at S0OC» more than 50% 
bioemulsifier activity was inhibited making it comparotivcly less thermostable. Incubation at 370C 
and pH 7J2 also were optimiim for the emulsificatioD activity. However^ 1% concentration of NaCI, 
CaCI2, and MgC]2 , used separately, caused 31.3. 43.6, and 17.3% inhibition of the emulsiflcation 
activity, respectively (Wg. 3B). 
Substrate speelfldty of bioemulsifier 

Among the four oils tested, almond oil served as the best substrate for emulsification for all the 
strains tested (Fig, I). Palm oil was emulsified to the least extent. Also maximum emulsification of 
almond oil was observed irrespccuvc of the oil used during fermentation (Table 1) with ibe 
exception of castor oil. Strain SC14 was observed to tolerate up to 40% almond oil but tiie optimum 
bioemulsifier production took place in presenceof 18% almond oil (427.8 KUml-l). 

PartialpUriflCationofbioemi^^^^^ . frcmcell-fVee supernatant of sou cuitu,.g^^^^^^ 
L paluy ^ifl»d«o«»««ficr L«„emu.si6cr yield 

^ .nt followed by polysaccbande (43 ' demcu^d in 

fte major consnwcnt '""^Z A^r6«doB.f..pui(3.»%)'« 
polysaccharide comprised of reducing sug^ 
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ihe biocmulsifier. Thus proteoglycan nature of tlie bioemulsifier produced by SCI 4 is evident from 
it's chemical composition. 

Esterase activity 

Kinetics of esterase production by SC14 is sliown in Fig. 4. The highest e5;tezase activity (122.8 U 
mg-l of protein) was found to be cell-associated at 30 h at which time the extracellular broth also 
showed esterase activity (77.4 U ml-l) during the 60 h fermenlaiion. Notably 61.3% of the peak 
esterase activity was observed lo be cell-associated while only 38.6% activity was secnttcd into the 
fermentation medium. Moreover, h was observed that throughout the fermentation period, 
significant esterase activity was observed to be associated with the cells while only a minor fraction 
was detected in the Termentation broth. 
Viscomecry 

Tncrease in bioeniulsifier concentration irom 0.5 ml to 3 ml against a fixed volume of 6 ml almond 
oil resulted into reduction in viscosity of almond oil by 40.3%. 
CeH^surface hydrophobScify 

Degree of adherence of SC14, SBl, ILB, EC78, and PA1223 to almond oil aund hexadccane is 
shown in I'ig. 5 A and SB. Ac\ junii SCI 4 showed lower affinity towards almond oil as well as 
hexadecane as compared to it*s counterparts from hum wound and soil. Even the control strains of 
£ coli and Ps^ aerugutosa had higher affinity for almond oil and hexadecane than SCI 4. Thus the 
cell surface of SC14 appeared to be less hydrophobic than that of the other test and control strains, 
RccoastitutioB of bioemubifier activiiy 

Table 2 simmiarises the % emulsification activity reconstituted in presence of the given fractions 
using almond oil as the substrate. The fractions did show emulsification activity independently but 
the activity was enhanced when all the Iractions were present together. Polysaccharide fractions 
from the biocmulsiHer and cxtmcellular broth showed lower emulsifying activity than the 
extracellular protein and the biocmulsifier protein. Ft should be noted that a prominent minic^stdc 
was evident during the logarithmic growth phase of SC14 while only traces of the capsule were 
seen on cell surface during the stationary phasc- 

Acineiohacterjmii SC14 from human skin exhibited the maximum bioemulsifier production. Peak 
bioemulsificr production by SC14 was observed at 30 h at 370C under given set of conditions. This 
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period coincides wilh the mid-staiionaiy growth phase of the strain. Fcrmenlation for an extended 
period of 30 h caused sharp decline in the bioemulsifier production to less than 50% of the peak 
value. RosenboB el al (1979a) have also reported maximum cmulsan produciioa by Ac. 
cakoaceiicus RAG-1 during the siationaxy growth phase. Biocmulsifiex ptoductioa by Ac. 
calcaaceticus RAG-1 can be attributed to it's meuibolic requiremeoi of ability to grow on various 
hydrophobic substancds prevalent in marine environment Similarly, the human skin docs receive 
many hydrophobic coropoiands in the form of SSLs which arc a mixture of triglycerides, fetty acids, 
wax esters, squalene. cholesterol and cholesterol esters (Strauss et al. 1975; Downing et al. 1999). 
Human skin is al.so exposed to exogenous oily compounds in form of skinrcare cosmedcs which 
"contain almond oil , castor oil , olive oil and pakn oil (HosWzaki and Suzuki 1978; Oe Vries 1987; 
Ilorie 1988; Szepessy 6t al, 1990). In this way, presence of various hydrophobic substances on 
human skin can be a picdisposing fiictor fox the emulsification abUiiy of the resident microbes. 

Chemical compo-sition of the test oUs (Budavari et al. 1996) was also taken into 
consideration during study of ihc bioemulsifier. All Oie test oils comprised mainly of three Tally 
acids, viz, oleic acid, linolcic add and palmitic acid, in varying proporLions. Oleic add and 
Jinoleic acid are unsaturated whUe palmitic acid, stearic acid and arachidic acid arc the saturated 
ones. Accordingly, almond oil and castor oil display a higher degree of unsaturation as compared 
to olive and palm oil. StUl almond oU was attacked most readily by the test strains while palm oU 
wilh the least degree of urwaturation was not easily emulsified. 

Optimum tempeialure for bioemulsifier production was found to be 370C which is 
also suggestive of it's potential role in growth of skin bacteria. More than 50% loss of activity of the 
present bioemulsifier « 50OC is contrary to the observation of heat activation of alasan (Navon- 
Venczia et al. 1995). Fmulsan is reported lo be masdmally produced and active at 30OC since the 
producer strain, Ac calcoacetieus RAO-1, is an environmenial isolate (ftosenberg et al. 1979a). 
SUgbtly alkaline pH of 7.2 was found to be optimum for bioemulsifier production while a slightly 
acidic pH of 6.5 allowed majdmum bioemulsifier activity. Human skin is gemsiaUy acidic (pll 5.6 
m 5.8) but the present bioemuUificr showed a near neutral pH optimum. This variation can be due 
to ihc phy.<sicochcmical differences between the In vivo and in yiiro systems. In case of alasan 
produced by Ac. radioresistens KAS3 (Navon-Venezia et aL 1995). activity was observed over a 
wide pll range of 3 .3 to 9.2 with an optimum at pH 5. The bioemulsifier tnvestigatcsd in tiie present 
.study exhibited 80 I£U ml-l ai pll 5. However, at pll 9, about 48% of the bioemulsifier production 
and activity was inhibited. It indicates that higher bioemulsifier production and activity are 
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attainable in the acidic pH than (he alkaline pff. Among the three salts xestcsd, CaCI2 cau<;ed 
fsironger inhibition of bjoemulsilicr activity than NoCl and MgC12. In presence of 2% CaCl2 and 
MgCl2, bioenmlsifier production remained unaffected while the activity was inhibited. TTie same 
percentage ofNaCl resulted in 30% inhibition of bioemiUsifier activity. In case of alasan produced 
by /fc. radioreslstens KA53y magnesium ions stimulated the activity below and above the pH 
optimum (Navoa-Vene2:ia er al, 1995). Overall, none of ihe test salts showed coiUiiderable incn^asc 
in the production and or activity of the bioemidsificr by SC14. 

The almond oil in water emulsion was found to retain 90% stability at 370C till 1 20 
h but lost 70% stability at lOOC within 40 h. High emulsion stability at room temperature \si 
preferable as it alleviates the ncod of storage at low temperature for preservation and also extends 
the 5helf life of ihc product. Moreover, emulstlication of almond nil by the partially purified 
hioemulsiiicr resulted in considerable reduclion in the oil viscosity, which i5s a desired property for 
an emulsifier. 

Cell surface hydrophobicity assay revealed that SCI 4 had a £;Iigh(ly higher afBniiy for 
hexadecane than almond olj. Accordingly, higher emulsiiicatxon of lujxadccanc (204 EU mM) was 
observed than lhal of almond oil (\\6.6 Ht J ml-1). However. Ps, aeruginava with lower atTRnity for 
hcxadecane exhibited belter emulsification of hcxadecane (232 EU ml-1) as compared to thai of the 
almond uil (91.9 EU mI-1). Ac. batimmnii SBl had greaicsr aiSnity for almond oil as weJJ as 
hexadecanc than that by SC14 but showed comparatively lower emulsification (106.3 EU mH and 
1 16,6 l':U mM for almpnd oil by SBl and SC14, respeciively ; 116.2 EU ml-l and 204 EU mU\ 
for hexadccahe by Slil and SCI 4, respectively). Thus SC14, despite it*s lower afiinity to almond 
oil, can utilize it in a more efficient l^hion than SDL In an earlier report, Ps. aervgmosa PAS 279 
has been reported lo display a similar pattern (Kosenberg et aL 1980). Thus the coireiation between 
the affinity to hydrophobic substrate and the degree of it's utilization remains to be established. 

Polysaccharide Iraclion of Ihc proteoglycan biocmulsi£ior consisted of )U{.7% 
reducing sugars. Rniulsan produced by RAG-1 has been shown to be an extracellular noncovalenl 
complex of a npopolysaccharidc and a protein (Zuckerberg er aL 1979). A Hpopolysaccharide 
emuJsifxer by Admtobacter has also been reported (Shi and Li 1989). However, alasan produced by 
At. radioresisiens ICA53 consists of an alantnic-rich hctcropolysaccharide and a protein (Navon- 
Vcnezia et aL 1995), Yield of alasan has been reported to be 4-6g 1-1 while that of the SCI 4 has 
beeti estimated to be 3-9fi 1-K 
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I'he reeomtitution experimenus revealed that the capsular cxopolysaccharide fraction 
exhibited high enuilsification activity alone pointing towards it's role in the overall emulsificatioo. 
A minicapsuje has been demonsirated in c^ise of SCT4. In an earlier report, Ac. calcoaeeticus 6D4, 
a highly encap,sulated strain, was shown to produce an extracellular polysaccharide responsible for 
emulsifying activity, (Kaplan and Rosenberg 1982). 'fhe capsule of RAG-1 has been demonstrated 
to be a cell-bound fdnn of the emulsifier, emulsan (Shabtai et al 1985). Disappearance of the 
cellular capsule during i>iationazy growth phase and ii'.^ subsequent release into the fermentation 
medium arc attribulablc to the simultaneous maximum production of the bioemulsifier. All the 
fractions, vi2, protein, polysaccharide, exiraccUular protein and exopuJy5»accharide, are essential for 
optimum biocmulsifier activity. Interestingly, 95,2% (1676.2 EU nal-1) reconstitution was achieved. 
Protein fraction of the BD4 emulsan was found to play a crucial role in emulsifying activity (Kaplan 
el ai 1987). On the contrary, in case of RAG-1 emulsan, protein was not absolutely requited for 
emulsifying activity. 

A phenomenon nf hioemulsificr accumulation on cell sur&ce during logarithmic 
growth phase and it's subsequent release into the medium during staiionaxy growth phase is 
reported in case of emulsan (Rubinovitz et al. 1 982; Shabtai et aL 1985; Shabtai and Gutnick 1 985). 
Ac. Junii SCI 4 also displays a similar trend. The pattern of esterase production by SC14 is unique. 
At 30 h of fermentation^ al which maximum bioemulsificr production nccurred, 6L3% of the total 
peak esterase activity was found associated with the cells and only 38.6% activity was detected in 
ihc cell^frcc broth. Role of esterase in release of emulsan from the ceil surface of RAG**! has been 
well established wherein a decline in cell-associated esterdse was recorded to lead to a subsequent 
rise in the cell free esterase and in turn to Increase in emulsan production. A fraction of cell free 
esterase was also demonstrated lo be associated with the emulsan (Shabtai and Gutnick 1985). On 
the contrary, we report simultaneous increase In ccU-associated and cell ftee esterase activity 
coincident with the maximum biocmulslfier production by SCI 4. Negligible acttvit/ was ibund 
associated with the bioemulsifier. Kinetics and distribution of esterase produced by SCI4 suggest 
it's involvement in the release of cmulsijg^ing factor from the cell surface into the fermcniaiion 
medium. This is supported by our finding that cell pellet did not show detectable emulsifying 
activity (data not shown). 

To summarize, the present work has demonstrated good emulsifying activity by 
Aclnetobacter strains isolated from healthy human skin owing to the physico-chemical 
microenvironmcnt of their liabitat. On the h^\^ ol' promising results obtained during the prcssent 
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Study, healthy human skin appears to be a novel source of bacteria capable of bioemulsifier 
production. Findings of the present study would act as a foundation on which to be ba$ed similar 
investigations in the future. 
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T^ble 1. Effen of inducer oil on bioemulsifier production by AeUtetabacter jxmii SC14. 



EmuUification of (U ml'*) 



Growdiin 
l%of* 

AIiQojod oil 
Castor oil 
Olive oil 
Palm oil 



Almond oil 
116.6 
66.1 
99.5 
90.3 



CiLStor oil 
72,0 
97.1 
gS.6 
79.1 



Olive oil 
66.4 
69.1 
87.1 
80.1 



Palm oil 
85.0 
79.0 
85.1 
86.1 



Fcfm(»>t8tion medium siqiplemented with I9i test oil. 
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Table 2. Reconstitulion of emulsification activity by isojated fractions of tbe bioemulsifier 
ptoduced by Aciwiobacierjimii SC14. 



Fraction 


% Activity 


EUml-' 


Purified Emulsifier 


100 


1759.8 


BioanouJsi'fier Protein (BEP)' 


78.4 


J380.0 


Extracellular Protoin (BP)t 


78.2 


1377.2 


Bioemulsifier Polysaccharide (BEPS)i 


74.5 


1312.2 


Exopolysacciiaride (EPS)-* 


76.2 


1342.5 


BEP + BEPS 


84.7 


1473.9 


BBP+EP 


78.0 


1372.7 


BEP + EPS 


81.0 


1425.0 


BEPS+EPS 


74.4 


1310.^ 


BEP + BEPS + EP + EPS 


95.2 


J 676.2 



^ Protein Iraccjon of the purified biocitiulsiiier prepared by hot phenol treatment. 

t Extracellular protein obtained by 60% ammonium sulfate precipitation of cclUfree culture broih. 

t Polysaccharide fraction from purified bioemulsifier isolated by water extraction of phenol phase 

^ CapsuJar polysaccharide precipitate obtained by acetone precipitation of the homogenized culture 
supernatant 



